Abstract Purpose: The chemokine CXCL12 and its receptor CXCR4 have been found to be associated with cancer metastasis. A single nucleotide polymorphism of CXCL12 G801A has been described and is regarded as a target for cis-acting factor that has the ability to up-regulate CXCL12 expression. Currently, there are no reports investigating the role of CXCL12 G801A polymorphism in prostate cancer (PC). Experimental Design: We genotyped CXCL12 G801A and p53Arg72Pro in 167 PC patients and 167 age-matched healthy subjects. Genotyping was done with PCR-RFLP and confirmed by direct DNA sequencing. To investigate the effect of the CXCL12 G801A polymorphism on CXCL12 and CXCR4 expression, immunohistochemistry was done in genotyped PC tissues. Results: A significant increase in the GA + AA genotype of the CXCL12 G801A polymorphism was observed in PC patients compared with healthy controls. The frequency of CXCL12 AA genotype was significantly higher in a group of patients with lymph node metastasis (23%) compared with those without metastasis (7 %). The frequency of CXCL12 expression in AA + GA genotype carriers was significantly higher than that in GG genotype carriers. Among the carriers with CXCL12 GA + AA genotypes, CXCR4 expression was also significantly higher compared with those with the GG genotype. Moreover, among the groups with both CXCL12-and CXCR4-positive staining, the frequency of the CXCL12 GA + AA genotype was high. Although we did not find a significant relationship between the frequency of the Arg/Pro + Pro/Pro genotype of p53 Arg72Pro and susceptibility in PC, there was a combined effect of CXCL12 GA + AA genotype and the p53 72Arg/Pro + Pro/Pro genotype on the frequency of PC. These results indicate that the p53 codon 72 polymorphism may interact with CXCL12 G801A. Conclusions: This is the first report showing that CXCL12 G801A polymorphism may be a risk factor for PC. Moreover, this study suggests that this polymorphism can be an important marker for detecting microinvasion and PC metastasis.
Prostate cancer (PC) is one of the most common malignancies in U.S. males (1) . The etiology of PC is largely unknown, although several risk factors such as ethnicity, family history, and age are associated with the disease (2, 3) . In addition, several dietary constituents have been linked to PC risk and prevention (4, 5) . As prostate-specific antigen (PSA) screening test has spread, the number of curative patients tends to increase. However, a significant number of patients with lymph node metastasis have been identified at the radical prostatectomy (6) . PC patients with lymph node metastasis have an increased risk of death (6) . Lymph node metastasis increases the risk of distant metastasis including the bone. The mechanism of bone metastasis is not well understood. As one possible metastatic mechanism, it has been shown that the SDF-1 (CXCL12)/CXCR4 chemokine axis is involved in PC metastasis (7) . Chemokines play important roles in both normal embryonic development and migration and metastasis of cancer cells (8) . SDF-1 belongs to the CXC subfamily of chemokines and is produced by stromal cells. Expression of its only receptor CXCR4 is low or absent in normal prostate epithelia (8) . Sun et al. (9) investigated the expression of CXCR4 and CXCL12 in PC and found that the expression of CXCR4 correlated with increased malignancy. The expression of CXCL12 mRNA was elevated in metastatic disease, but not in localized PC (9) . A single nucleotide polymorphism (SNP) at position 801 (G to A) in the 3 ¶-untranslated region (3 ¶UTR), whose A allele is regarded as a target of cis-acting factors, has been shown to have the ability of up-regulating the expression of CXCL12 (10, 11) . Recently, Dommange et al. (12) showed that CXCL12 801A carriers were associated with blast invasion in acute myelogenous leukemia (AML). They also investigated the correlation between the expression of CXCR4 and blast invasion in CXCL12 801 A carriers (12) . CXCR4 is overexpressed in the cancer region and plays an important role in invasion and metastasis. The expression of CXCR4 is regulated by various factors including pVHL, vascular endothelial growth factor, hepatocyte growth factor, USF/c-Myc, nuclear factor-nB, promoter methylation, and CXCL12 (11) . Recently, it was found that CXCR4 is also negatively regulated by the tumor suppressor gene p53 (13, 14) .
The p53 is a tumor suppressor gene that initiates apoptosis in response to severe DNA damage. A p53 polymorphism at amino acid 72 (Arg/Pro; G/C) has been studied in many cancers (15 -17) . In an in vitro study, the p53 Arg/Arg genotype induced apoptosis more efficiently than the Pro/Pro genotype (18) . The frequency of the Pro/Pro genotype has been reported to be high in various cancer patients (15 -17) , and it has been thought that this genotype may be linked to decreased p53 function.
Therefore, with these evidences, we hypothesized that (a) the CXCL12 polymorphism may increase the expression of CXCL12 and increase the metastasis of PC to the lymph node; (b) the CXCL12 polymorphism may be an important indicator of occult and lymph node metastasis; and (c) the p53 codon 72 polymorphism may attenuate the function of p53, thereby affecting the function of CXCL12/CXCR4 and indirectly promoting PC invasion and metastasis.
To test this hypothesis, we did a case-control study by examining polymorphisms in CXCL12 G801A and p53 Arg72Pro. We also investigated the relationship between expression of CXCL12/CXCR4 in PC tissues and genotypes with CXCL12 G801A polymorphism.
Materials and Methods
Samples. A total of 167 patients with pathologically confirmed PC and 167 age-matched control individuals were enrolled in this study. The mean ages of the patient and control groups were 68 F 10 and 68 F 10 years, respectively (Table 1) .
Genomic DNA was obtained from the peripheral blood of healthy controls and patients. All of the patients tested were diagnosed with PC on the basis of histopathologic findings from radical prostatectomy. They were classified according to the WHO criteria and staged according to the tumor-node-metastasis (TNM) classification and the Gleason grading system. Healthy controls consisted of random volunteers with no apparent abnormal findings upon medical examination at Shimane University Hospital. Peripheral blood samples were obtained from the patients and controls after written informed consent was obtained. All patients and healthy controls were native Japanese and resided in the Shimane prefecture or adjacent prefectures. Peripheral blood samples were obtained from the patients and controls after written informed consent was obtained.
None of these patients had received androgen deprivation therapy before radical prostatectomy. There were no significant differences between patients and control groups with regard to family history of cancer and body mass index.
Genotyping. Polymorphisms were analyzed by PCR-RFLP. The PCR primers of p53 and CXCL12 were TTGCCGTCCCAAGCAATG-CAATGGATGA (P53-F), TCTGGGAAGGGACAGAAGATGAC (P53-R), CTGGGCAAAGCTAGTGAAG (CXCL12-F), and AGAACGTGGAG-GATGTGGAG (CXCL12-R), respectively (19) . Each PCR reaction was carried out in a total volume of 20 AL consisting of 0.3 AL of a 10 Amol/L solution of each primer, 1.5 mmol/L MgCl 2 , 0.8 mmol/L deoxynucleotide triphosphate, 0.5 unit RedTaq DNA polymerase (Sigma), 1 AL of genomic DNA (80 ng/AL), and 15.6 AL H 2 O using a PTC 200 Thermal Cycler (MJ Research). PCR products were digested with BstuI and MspI (New England Biolabs) for p53 and CXCL12, respectively. The restricted products were analyzed in a 2% agarose gel containing ethidium bromide. To confirm the genotype ascribed by RFLP, the PCR products were subjected to direct sequencing ( Fig. 1) .
Statistical analysis. Hardy-Weinberg equilibrium was evaluated using SNPAlyze version 2.2 (DYNACOM Co. Ltd.). The m 2 test was used to compare the genotype frequency between patients and controls. The odds ratio (OR) was obtained by unconditional logistic regression analysis and adjusted for age as a continuous variable. All statistical analyses were done using StatView (version 5; SAS Institute Inc.). A P value of <0.05 was regarded as statistically significant.
Immunohistochemistry study. Immunostaining of CXCL12 and CXCR4 was done in formalin-fixed, paraffin-embedded specimens using a mouse monoclonal antibody (1:200 dilution) against human CXCL12 and CXCR4 (MAB350, MAB172, R&D Systems). The staining procedure was according to a commercial kit (Santa Cruz Biotechnology). The sections were counterstained with Harris' hematoxylin. A pathologist not involved in the present study evaluated the immunostaining under blind conditions. Immunohistochemical staining was graded on an arbitrary scale from 0 to 2+, with 0 representing negative expression (0-25% positive cells), 1+ representing weakly positive expression (25-50% positive cells), and 2+ representing strongly positive expression (50-100% positive cells). The scale was determined according to the average number of positive cells in 10 random fields of all slides.
Results
Characteristics of PC patients and controls. Table 1 shows the mean age, pT, Gleason sum, preoperative serum PSA, and smoking status of individual PC patients. Two-tailed Student's t tests were used to compare the age distribution between patients and control subjects. There was no significant difference of mean age between cases and controls (Table 1 ). In the 167 PC cases, 108 (65%) were organ confined, and 85 (51%) had a Gleason sum of <7.
Hardy-Weinberg equilibrium. The genotype frequencies of the two polymorphisms in total samples (n = 234), PC patients (n = 167), and healthy controls (n = 167) were consistent with the Hardy-Weinberg equilibrium distribution (P value of >0.05).
p53 and CXCL12 gene polymorphisms and PC. Table 2 shows the genotype distribution of CXCL12 G801A (rs1801157) and p53 Arg72Pro (rs1042522) polymorphisms in PC cases and healthy controls. A significant increase in the G/A + A/A genotypes of CXCL12 G801A was observed in patients compared with controls [OR, 1.58; 95% confidence interval (95% CI), 1.03-2.43; P = 0.03; Table 2 ]. The frequency of the A allele of CXCL12 G801A also tended to increase in patients (OR, 1.39; 95% CI, 1.00-1.94; P = 0.05). There was no statistical difference in the genotypes of the p53 Arg72Pro polymorphisms between cases and controls ( Table 2) .
The effect of both p53 codon 72 polymorphism and CXCL12 polymorphisms in PC patients. Among p53 codon 72 Arg/ Pro+Pro/Pro carriers, the frequency of the G/A + A/A genotype of CXCL12 G801A was significantly increased in PC patients compared with controls (OR, 1.72; 95% CI, 1.10-2.70; P = 0.02; Table 3 ).
Relationship of the CXCL12 polymorphism with clinical parameters in PC patients. The relationship of the CXCL12 Fig. 1 . The p53 codon 72 and CXCL12 G801A in gel after RFLP. For the p53 codon 72 and CXCL12 G801A polymorphisms, the Pro allele and the A allele were not cleaved by BstuI and MspI and had a single band with a fragment of 199 bp and 209 bp, respectively. The heterozygote had three bands. Each result was confirmed by direct sequencing. G801A polymorphism with clinicopathologic parameters, including age at diagnosis, Gleason sum, serum PSA, pT, and pN, in PC patients was evaluated. Among younger patients (<68 years), the frequency of the CXCL12 AA genotype was significantly increased (19%, 8%; P = 0.04; Fig. 2 ). The frequency of CXCL12 AA genotype was significantly higher in the lymph node metastasis group (n = 16; 23%) compared with lymph node-negative group (n = 151; 7%; P < 0.01, Fig. 2 ). There was no difference between the two groups with regard to Gleason sum and pT criteria (Fig. 2) .
Comparison of CXCR4 and CXCL12 expression with CXCL12 genotype. To investigate the effect of the CXCL12 G801A polymorphism on CXCL12 expression, immunohistochemistry was done in some of the genotyped PC tissues. Positive staining for CXCL12 was detected in 15 of 33 GG genotype (45%), 13 of 16 GA genotype (81%), and 1 of 1 AA genotype carriers (100%). The frequency of CXCL12 expression in AA + GA genotype carriers was significantly higher than that in GG genotype carriers (P = 0.012; Fig. 3A , Table 4 ). We also investigated the expression of CXCR4 according to CXCL12 G801A genotypes. Among the carriers with CXCL12 GA + AA genotypes, the CXCR4 expression was significantly higher than those with the GG genotype (P = 0.036; Fig. 3B , Table 5 ). Because the expression of both CXCL12 and CXCR4 is higher among carriers with CXCL12 GA + AA genotypes, we compared the correlation between CXCL12 genotypes and CXCL12 + CXCR4 expression. In the group with both CXCL12-and CXCR4-positive staining, the frequency of the CXCL12 GA + AA genotype was high (Fig. 4) .
Discussion
Prior studies have indicated that the chemokine CXCL12 (SDF-1a) and its receptor CXCR4 play an important role in metastatic cancers (8, 12) . CXCL12 is produced by bone marrow stromal cells, including osteoblasts and endothelial cells (20) , and CXCL12 is the only known ligand for CXCR4.
The CXCL12 G801A polymorphism was first described in HIV-infected patients. This SNP is in the 3 ¶UTR region of the CXCL12 (SDF-1) gene, and HIV patients with the AA genotype exhibited a significantly delayed progression to acquired immunodeficiency syndrome (AIDS) because of up-regulation of CXCL12 due to the strong competition with syncytia induction variants (11) . Recently, the CXCL12 G801A SNP was linked with blast invasion from the bone marrow in AML patients. Thus, 801A carriers were found to be associated with higher peripheral blood blast counts compared with 801GG genotype carriers in AML (12) . CXCL12 G801A SNP studies have been done in several cancers, including lung, breast, and colorectal cancer (21 -23) . However, there are currently no reports investigating the CXCL12 polymorphism in PC. Therefore, this is the first case-control study to investigate the relationship between the CXCL12 G801A polymorphism and PC susceptibility. In this study, we found that the CXCL12 801A SNP was significantly associated with PC susceptibility (OR, 1.58; 95% CI, 1.03-2.43; P = 0.03; Table 2 ). In an in vitro and in vivo study, overexpression of CXCR4 was found to accelerate prostate tumor growth, invasion, and metastasis (9, 24) .
In addition, PC cells have been shown to migrate and invade through the extracellular matrix components in response to CXCL12 in an in vitro study (25) . Although in clinical samples, high expression of CXCR4 correlates with the presence of metastatic disease in PC patients (24) . Taken together, these data strongly suggest that CXCL12 and CXCR4 are associated with PC metastasis (26, 27) .
We also investigated the expression of CXCL12 and CXCR4 in PC tissues by immunohistochemistry. In our study, the expression of CXCL12 correlates with the expression of CXCR4 (Fig. 4A) , and this result is in agreement with previous reports (27, 28) . As a second step, we also compared CXCL12 and CXCR4 expression with the CXCL12 SNPs. Among CXCL12 801 A allele carriers (GA + AA genotypes), CXCL12 expression was significantly higher than that of CXCL12 G allele carriers (Fig. 3B , Table 5 ; P = 0.012). In addition, we also found a positive correlation between CXCL12 GA + AA genotype and CXCR4 expression. The frequency of the CXCL12 GA + AA genotype was highest in a group positive for both CXCL12 and CXCR4 expression among the four immunohistochemistry groups shown in Fig. 4B (52%) . These results suggest that In a group with lymph node metastasis (n = 16), the frequency of CXCL12 801A carriers was significantly higher compared with that without metastasis (n = 151; 23%, 7%; P < 0.01). The mean age of a lymph node metastasis group is 68.4 years, and this is the same as that of a nonmetastasis group (68.4 years). Therefore, the CXCL12 G801A genotype may indicate the lymph node metastasis status in PC.
Recently, CXCR4 has been reported to be regulated negatively by the tumor suppressor gene p53 (13, 14) . Moreover, p53 was also found to suppress stromal SDF-1 (CXCL12) production within both human and mouse (14) . The p53 is a tumor suppressor gene that initiates apoptosis in response to severe DNA damage. In an in vitro study, the p53 Arg/Arg genotype (18) . It has been reported that the frequency of the Pro/Pro genotype is higher in various cancer patients compared with controls (15 -17) , and this genotype may be linked to the decreased function of p53. Although we did not find a significant relationship between the frequency of the Arg/Pro + Pro/Pro genotype of p53 Arg72Pro and susceptibility in PC (Table 2 ; OR = 1.14, 95% CI = 0.72-1.78), there was a combined effect between the CXCL12 GA + AA genotype and the p53 72Arg/Pro + Pro/Pro genotype (Table 3 ; OR = 1.72, 95% CI = 1.10-2.70). The findings by Moskovits et al. (14) showing that the p53 codon 72 SNP decreased p53 function also resulted in higher production of CXCL12. Therefore, among CXCL12 801A carriers, production of CXCL12 may be further enhanced by the p53 72Pro SNP. These results indicate that the p53 codon 72 polymorphism may interact with CXCL12 G801A.
The average age of the patient in this study was 68 years old; therefore, we divided them into two groups. The frequency of CXCL12 GA + AA genotypes among patients under 68 years old is significantly higher compared with that among older age groups (OR, 2.69; 95% CI, 1.12-6.49) and, thus, may be an increased risk of PC in patients under 68 years old in our study (Fig. 2) . Previous studies have shown the association of an early age of onset of PC with various polymorphisms, including vitamin D receptor (29) and CYP1A1 (30) . These studies may support the idea that procarcinogenic polymorphisms can accelerate the development of PC. In this study, we could not investigate the relationship between the CXCL12 G801A polymorphism and prognosis because following prostatectomy, the patients underwent varying treatment, including hormone therapy, chemotherapy, and radiotherapy. However, it is well documented that lymph node metastasis is strongly linked to poor prognosis in PC (6).
In conclusion, this is the first report to show a significant association between the CXCL12 G801A polymorphism and PC metastasis. In addition, we also found a relationship between the CXCL12 G801A genotype and the expression of CXCL12 and CXCR4 in PC tissues. Therefore, the CXCL12 G801A polymorphism may be an important tool for indicating and detecting PC microinvasion and metastasis. A, we compared the number of tumors staining positively for CXCL12 and CXCR4 following immunohistochemistry. Positive staining is regarded as an immunohistochemistry score 1 + 2. The number staining positively for both CXCL12 and CXCR4 is 23 (46%). B, in each immunohistochemistry group, we compared the frequency of CXCL12 GA + AA genotypes. Among the double positive staining CXCL12 and CXCR4 group, the frequency of the CXCL12 GA + AA genotypes is 52%, which was comparably higher compared with the other groups. 
